More than two thirds of the elements in the periodic table have quadrupolar nuclei. Quadrupolar interactions can be as large as or larger than chemical shift and dipolar interactions. Thus, quadrupolar nuclei typically exhibit broad spectra which lack resolution. To resolve quadrupolar spectra, there exist a number of methods, most notably multiple quantum NMR experiments.
Theory
A perturbation expansion of the quadrupolar Hamiltonian given by Trebosc, et al. [2] , written in terms of frequency differences of energy levels is use- 
where m and n are the z-components for the states of total nuclear spin S, β R is the angle relating the quadrupolar principle axis system (PAS) to the sample rotation frame, χ is the angle between the static B and the sample rotation frame, ν Q is the quadrupole characteristic frequency, and ν 0 is the Larmor frequency of the nucleus. The d l j k are the reduced Wigner rotation matrices.
Eqs. 1 and 2 hold when the asymmetry parameter η is zero. Taking η = 0 applies to situations where the electric field gradient (EFG) is symmetric about the transverse PAS coordinates. Symmetric crystal structures give η values very close to zero [1] . In this work, I look at SiO 2 crystals with tetrahedral symmetry which makes this assumption valid.
The expansion above shows a couple of important spectral characteristics.
First, for rotation about the magic angle, d Depending on the spin system, multiple satellite transitions are available. 
Methods
The pulse sequence and coherence transfer pathway for a single quantum STMAS (1QSTMAS) experiment is shown in Figure 2 . The phases φ i are Figure 2 : The 1QSTMAS pulse sequence and coherence transfer pathway. The φ i are the pulse phases about the z-axis. The t 1 variable is incremented to give a 2-dimensional spectrum.
determined using the Equations 3 and 4.
To ensure the desired coherence order pathway during observation, the phase of the receiver is also cycled according to [4] 
For a 1QSTMAS pulse sequence with 4 phases for the first, second, and fifth pulses keeping the third and fourth pulses at a constant phase, to attain one complete signal, the sequence must be performed 4 3 times.
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The form of the second order term in Equation 2 involves two terms, assuming magic angle spinning. The first term is a constant. The second term gives the fourth order broadening. It is the second term that multiple quantum experiments seek to remove. As seen in the 2-dimensional signal, appropriate choices of t 2 given a t 1 will result in only a constant exponential term. This "refocusing" of the signal to remove second order broadening is the means by which multiple quantum experiments attain spectra with improved resolution in the second dimension. nucleus. F 1 and F 2 are the Fourier transformed t 1 and t 2 dimensions. The slope of lines in the spectrum are calculated as the ratio, R, of second order rank 4 broadenings of the transitions involved. Thus R = 1 for CT-CT, R = 7/24 for ST 1 -CT, and R = −11/6 for ST 2 -CT.
for ST 1 -CT, and R = −11/6 for ST 2 -CT [10, 8] . The spectrum is typically sheared according to the R to give the isotropic spectrum in the F 1 dimension [7] . Figure 4 shows the effect of shearing for the ST 1 -CT portion to give an isotropic projection on the F 1 axis. Results of the 1QSTMAS experiment for 17 O in silica are presented in the next section.
Results
Phase cycling STMAS experiments were performed on SiO 2 enriched to 10% 
Conclusion
Results for phase cycling of the first and second pulses in the 1QSTMAS experiment contrast with results obtained by phase cycling in MQMAS experiments performed by Hajjar, et al. [5] . Experiments performed on the 1QSTMAS ex- 
